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Sodium chlorate(V) has been used as a weed killer ; this application is now restricted.
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dissolve gold and platinum forming soluble chloro complexes.)
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Titanium (Ti)
Titanium is in the first transition series in the periodic table situated between scandium and vanadium. It was dis-
covered as the dioxide by the English amateur geologist, William Gregor, in 1791. The pure metal was first pre-
pared in 1910 by Matthew Hunter. It is the ninth most abundant element in the earths crust (about 6%). Its main
ores are ilmenite (FeTiO3) and rutile (TiO2). Its ores are widely distributed on earth and the metal has been detected
in other parts of the universe.
It is a strong metal and has a high melting point (1667oC). Its density is nearly half that of iron. Its corrosion resist-
ance is excellent (better than stainless steel and similar to platinum!). It has good resistance to the common acids. It
is non magnetic.
These properties make titanium a valuable metal for, aircraft and spacecraft construction (its alloy with aluminium
is particularly useful), ships components which are exposed to sea water, replacement hip joints (the metal has good
compatibility with bone tissue) and jewellery (eg, wedding rings). The powdered metal is used in some fireworks to
provide spectacular volcanic-like displays! The dioxide, which is white, is used as a paint pigment.
The metal is manufactured from its ores by first heating the ore (at about 900oC) with carbon and chlorine to con-
vert the metal to titanium(IV) chloride. This is a liquid and is distilled off. The chloride is then heated (at about
1000oC) with either magnesium of sodium in an inert atmosphere (under argon). The resulting metal is leached with
water to remove soluble salts (ie, MgCl2 or NaCl). In the case of magnesium chloride it can also be removed by
vacuum distillation.

Because the extraction/isolation process for producing titanium is involved and high tech the metal is expensive
(about 15x more expensive than steel).

Tungsten (W)
Tungsten (also known as Wolfram) is found between tantalum and rhenium in the centre d-block of the periodic ta-
ble.  It was discovered by  Karl W Scheele in 1781. The metal was first extracted in 1783 by  the Spanish d’Elhuyar
brothers. It is the 56th (approx.) most abundant element in the earths crust (about 1%). Its main ores are scheelite
(CaWO4) and wolframite ((Fe/Mn)WO4). These ores are widely distributed in the earths crust.

It is a strong metal and has a very high melting point (3422oC, the highest of all the metals). The pure metal is duc-
tile so that it can be drawn out into thin wire suitable for electric light filaments. The metal is alloyed with iron to
make very hard steels suitable for making cutting tools and armaments. It is also very heavy , nearly as dense as
gold (Au = 19.30 g per cm3, W = 19.25 g per cm3). Because it is so dense it is used to make fishing line weights.
The metal is also converted to tungsten carbide (WC) by heating with carbon at about 1800oC. The carbide is heavy
and very hard and is used as an abrasive. Both the metal and its carbide are used to make jewellery. Like titanium,
tungsten is an expensive metal.

The metal can be manufactured from scheelite by digestion in hydrochloric acid (about 20%) and some nitric acid.
The solid residue is tungstic acid (H2WO4) which is taken up in ammonia solution. This ammonium tungstate solu-
tion is treated with hydrochloric acid to about pH 7 when ammonium paratungstate ((NH4)10W12O41. 11H2O) is

precipitated. This is filtered off and heated at about 650oC to give tungsten(VI) oxide. The oxide is heated in a
stream of hydrogen at about 700oC to give the metal. The hydrogen stream removes water in the form of steam.
Water is condensed and the excess hydrogen recycled. Great care is taken to ensure that oxygen is excluded from
the process to avoid explosion with hydrogen!

(As far as GCE exams are concerned this reduction stage is, at present, the only part of the extraction process which
is important!)

Really Strong Metals
Titanium & Tungsten

WO3(s) + 3H2(g) W(s) + 3H2O(g)
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900oC

1000oC

TiO2(s)  +  2Cl2(g)  +  2C                   TiCl4(l)  +  2CO(g)

TiCl4(l)  +  2Mg(s)                Ti(s)  +  2MgCl2(s)
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The theory of distillation is covered in the following pages



Distillation of two miscible liquids.

Terms:

Boiling point: This is the temperature at which boiling occurs.
At this temperature the pressure exerted by the molecules of the liquid equals the external pressure (atmospheric pres-
sure). Bubbles of vapourised liquid form in the body of the liquid.
The pressure exerted by the boiling liquid is the sum of the partial pressures of the constituents.
ie,
Total external pressure ( PT, atmospheric) = PA  +  PB  where A and B refer to the constituents.

The process by which a liquid is boiled and its vapour collected and condensed back into liquid is known as simple
distillation. Fractional distillation is where distillation is repeated many times in a column known as a fractionating
column. Use of the fractionating column is equivalent to performing a large number of simple distillations connected
in series. Fractional distillation generally gives a much better separation of the components of the mixture.
Distillation is used for separating volatiles from non-volatiles (eg, purification of water) and separating mixtures of
miscible liquids (eg, methanol and water).

Theory:
Suppose the mixture is comprised of liquids A and B.
If the molecules of A and B are similar in size and exhibit similar forces of attraction (ie, intermolecular forces) then
the effect of mixing A with B is simply a diluting effect. For a simple case like this the partial pressure of A in the va-
pour above the mixture is given by,

PA = xA . P o
A

This is a statement of Raoult's law.

Where, xA = mole fraction of A in the liquid mixture, P o
A = vapour pressure of pure A at the same temperature as

the mixture, PA = partial vapour pressure of A (in the vapour above the mixture of A and B). ( xA = moles of A in

mixture / (moles of A + moles of B) )

The equation may be expressed graphically,

PA

Similarly for component B, PB = xB . Po
B

partial vapour
pressure of A

xA0 1

PB

partial vapour
pressure of B

xB0 1

(graph A)

(graph B)
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Since the vapour pressure of a liquid mixture varies with the composition of the mixture (as shown in the previous
graph), the boiling point of mixtures of different composition will vary in similar fashion. Remember, a liquid boils
when its vapour pressure equals the external pressure (eg, atmospheric pressure).
eg,     the benzene/methylbenzene boiling point composition diagram:

In the diagram, line ACB shows the composition of the vapour above the boiling liquid.
Line ADB shows the composition of the boiling liquid (ie, liquid remaining below the vapour).

The diagram can be used to illustrate what happens when the methylbenzene/benzene mixture is, (a) subject to sim-
ple distillation and (b) subject to fractional distillation.

The graphs A and B can be combined onto one set of axes.

vapour
pressure

xA = 1 xA = 0
xB = 0 xB = 1mole fractions

x

y

In this diagram it is assumed
that A is more volatile than B

total
vapour pressure

vapour pressure
of A

vapour pressure
of B

80

110

x =0 x = 1methylbenzene
x = 1 x = 0benzene

b.p. oC

vapour

liquid
A

B
C

D
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A liquid mixture of composition x, will boil at temperature T (about 105oC) and produce a vapour of composition x'.
This condenses to produce a liquid of the same composition x'.
If this liquid is boiled it will produce a vapour of composition x'' which will condense to a liquid having the same
composition (x'').
Step x to x' corresponds to simple distillation.
Steps x to x' to x'', etc, correspond to fractional distillation.

In an industrial fractionating column (eg, plate and bubble-cap type as used in the petroleum industry), a large number
of distillation steps are involved.

eg,

Each step (corresponding to each horizontal line on the diagram) is counted as a theoretical plate and the number of
steps from the composition of the original liquid to that of the final distillate gives the number of theoretical plates for
this separation (just five indicated in the diagram). The more theoretical plates the better the separation.
Sometimes the performance of a fractionating column is expressed in terms of the height equivalent to a theoretical
plate (HETP). This is defined as: the length of column, from the top of which rises a vapour of composition in phase
equilibrium with the liquid leaving the bottom.

A

Bp oC

B

vapour

liquid

xxx

T

80

110

x =0 x = 1methylbenzene
x = 1 x = 0benzene

b.p. oC

vapour

liquid
A

B
C

D
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low temp

high temp

still

If the vapour is in equilibrium with the
liquid this length of column is one hetp

..... otherwise the hetp is greater than this
length

..... the smaller the hetp value the better the
separation.

CH3CH2CH2CH2CH2CH3 and CH3CH2CH2CH2CH2CH2CH3

hexane   heptane

CH3CH2CH2CH2Cl and CH3CH2CH2CH2Br

1-chlorobutane   1-bromobutane

CCl4 and  SiCl4
tetrachloromethane silicon tetrachloride
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B pt B pt

% composition % composition

azeotrope

azeotrope

M M

liq

liq
liq

liq
vap

vap
vap

vap

A B BA

positive deviation negative deviation

The distillate approaches the
composition of the azeotrope. The
residue approaches either A or B.

The distillate approaches either
A or B. The residue approaches

the azeotrope.
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This was introduced in the Organic Chemistry II theme.
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